Although mathematical morphology and formal concept analysis are two lattice-based data analysis theories, they are still developed in two disconnected research communities. The aim of this paper is to contribute to fill this gap, beyond the classical relationship between the Galois connections defined by the derivation operators and the adjunctions underlying the algebraic mathematical morphology framework. In particular we define mathematical morphology operators over concept lattices, based on distances, valuations, or neighborhood relations in concept lattices. Their properties are also discussed. These operators provide new tools for reasoning over concept lattices.
Introduction
Formal concept analysis and mathematical morphology are two important theories used for knowledge representation and information processing, and are both based on lattice theory. Although they have been mostly developed independently, their common algebraic framework leads to similarities that deserve to be investigated. In this paper, we propose to contribute to filling this gap by establishing some links between both domains. Several applications can benefit from such links. For instance, non-monotonic reasoning operators can be proposed [1] , by exploiting also the links between formal concept analysis and description logics [2] (in earlier works morphological reasoning operators have been proven to be interesting in the case of propositional logics, e.g. [7] ). Besides, these operators can be exploited in the context of logical concept analysis [8] to propose new reasoning services. Extensions to fuzzy formal concept analysis, based on fuzzy mathematical morphology [6] can then be derived (with links also with rough sets and fuzzy rough sets [4]).
Our main contributions are definitions of mathematical morphology operators on concept lattices, which provide tools for handling information represented by pairs of objects and attributes.
In Section 2, we recall some basic definitions and notations of both domains, which will be used in the following. In Section 3, we highlight some similarities between two basic morphological operators, dilation and erosion, and the derivation operators commonly used in formal concept analysis. Our main contribution is then developed in Section 4, where we propose original definitions of dilations and erosions, on the power set of objects (or attributes), and on the concept lattice itself. The proposed definitions are based on distances, valuations, and neighborhood relations. They enjoy good formal properties.
Preliminaries

Formal Concept Analysis
We assume the reader to be familiar with formal concept analysis (FCA) [9] , and restrict this section to the introduction of notations, and of some definitions and results that will be useful in the sequel. A formal context is defined as a triple K = (G, M, I), where G is the set of objects, M the set of attributes, and I ⊆ G × M a relation between the objects and the attributes. A pair (g, m) ∈ I stands for "the object g has the attribute m". The formal concepts of the context K are all pairs (X, Y ) with X ⊆ G and Y ⊆ M such that (X, Y ) is maximal with the property X × Y ⊆ I. The set X is called the extent and the set Y is called the intent of the formal concept (X, Y ). For any formal concept a, we denote its extent by e(a) and its intent by i(a), i.e. a = (e(a), i(a) ). The set of all formal concepts of a given context can be hierarchically ordered by inclusion of their extent:
. This order, that reflects the subconcept-superconcept relation, always induces a complete lattice which is called the concept lattice of the context (G, M, I), denoted C(K). The pair (α, β) is a Galois connection between the partially ordered power sets (P(G), ⊆) and (P(M ), ⊆). Therefore, for X 1 ⊆ X 2 ⊆ G (resp. Y 1 ⊆ Y 2 ⊆ M ), the following holds:
Given an element a ∈ C, the set F a = {b ∈ C | a b} is called the principal filter generated by the element a. The set I a = {b ∈ C | b a} is called the principal ideal generated by the concept a.
Theorem 1 ([9] ). In a concept lattice, infimum and supremum of a family of formal concepts (X t , Y t ) t∈T are given by:
t∈T
